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This report, presented in three volumes, provides the results of a two-motor Delta Qualification
2 program conducted in 1993 to certify the following enhancements for incorporation into
Booster Separation Motor (BSM) flight hardware:

* Deletion of the igniter adapter insulator ring
* Deletion of the igniter adapter/igniter case interface RTV
* Deletion of Loctite from igniter retainer plate threads.

The enhancements above directly resulted from (1) the BSM Total Quality Management (TQM)
Team initiatives to enhance the BSM producibility, and (2) the necessity to qualify new throat
insert and adhesive systems to replace existing materials that wil] not be available.

Testing was completed at both the component and motor levels, Component testing was
accomplished to screen candidate materials (e.g., throat materials, adhesive systems) and to
optimize processes (e.g., aft closure insulator vulcanization approach) prior to their incorporation
into the test motors. Motor testing — consisting of two motors, randomly selected by USBI's on-
site quality personnel from production lot AAY, which were modified to accept the enhancements
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Nondestructive Inspection
Aicoho Liquid Penetrant
isual Examination Data Sheet

Vi
WORK JNSTHUC’TIONN‘ECHNIOUE WORK ORD}ER NUMBER
60.12.9-420-0¢3 L5530 2 o
CLEANER USED (IF REOUIRED) BATCH NO.
NO

DRYING TIME =
NE NONE NONE
ALCOHOL TYPE BATCH NO. DWELL TIME
1S0PROPYL 2576 5 SECO
ACCEPTANCE CRITERIA

E7

(GRAPHITE THROAT)
INDICATION DESCRIPTION/REMARKS

ITEM IDENTIFICATION
SERIAL NUMBER

LiIQuip

<r,
Qy,

<
o

—
‘ ‘ 59
INsPEcTOR /Y1 (F l@u Z / ‘2’(‘»-/‘4 LEVEL \E\ DATE JMiA\
Csp a732 192/06)
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NITED . .
by 'i"ECHNOLOGlES Radiographic
Inspection Repc

PART NUMBER - REV. 'ECO'S PROJECT | NDT (a8 CONTROL NO.

Dircoo - 1% - o1 -5 ¥ 73100768
PART/MATERIAL NAME

Nous L5597 !

; SPECIFICATION

BSM DELTA GUAL mg TEsT (AT | Sec729
PROCEDURE/PLAN NO NCR NO QUANT'TY
# RECEIVED INSPECTED ACCEPTED REJECTE
& Fus3y ~ News / / / |- -
SERIAL NO./VIEW | Acc. | REJ. | REMARKS/DESCRIPTION ‘ TECHNIQUE
’000734' ‘ Work/instruction No.
i | Cv.12.9-217
s | . | [ I (or fill in below)
O f f | EQUIPMENT
K ‘ ) —
9 " ) -
G- | A Norep | MA/RADS
/138° | | | '

i
TIME

i : |
| f
: ‘ ' FFD
| : |
i f 1

MATERIAL THICKNESS\\

VIEWS

,‘_}\T_\ 7 PENETRAMETER 1
|
|

PENETRAMETER BLOCK___ l

FILM TYPE /

SCREENS /

CASSETTES /

DENSITY /

SENSITIVITY / d

NN

i

EVELOPMENT / -
FILM USED [
{
1

Q

SKETCH OR PHOTO

i

h t; _
!
EnEEEEENEN

INTERPRETER ‘K < # 2 DATE /4}

CSD 1430C (89/07) DISTRIBUTION: WHITE — wiTH 0&QR CANARY T MPINK — FILE PAGE 1 OF ___ |
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Ultrasonic Report/
Calibration Sheet

EURBeR

1,000, 734

PART NAME WORK ORDER NUMBER - - l
BSM DL QUAL NETEP = eaT 689 7-95E~000
PART NUMBER PLANNING DOCUMENT INFO NCR No

B (2660 ~[4 Cl ~£0 MR 16534 Tike
Materal g:(rlr;?oNn:m Project Name

Specmcanon/!ecnmqu

CALIBRATION CHECKS

N - . T
S@( 75 L, @"" lz‘ q 55)3 Initial- %
Quantity Time
Receiveq Inspecteg Accepted Rejected I
Intermediate:
t l ENQ 1 m FO Time
Finai: @ ? 30

Instrument/Senai N“mDE’ﬂNlC n’K JI Canb}r%on Ere-q L!

INSTRUMENT SETTINGS

Transgucer — Slze/Frequency — Senal Num

2Shomiy /22651

Sweep C

£

/

Scanning Method

CEMTICT

Delay C

Test Blocks/Stangards < TO K 37'

COUPLANT

UveMaeL 3T

Reject

On of

EXAMINATION AREA

COMMENTS

5e CoMNELTS

TO FipIrG.

UMABLE TOFNATECT APPROC <O g4 IN OF
CLABLPE BEUAUSE oF SUPFACE Pousrincss bue
52 MAP PAGE (7 oF 1F

28D 2795 (92/03)

41!
e/

miche ) Rocd. |

Inspector Level

428

=103

Date
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TAP TEST EXAMINATION
DATA SHEET

Ny ) PART NUMBER Deawmemey .. 2 )3
A & unt Rklc:coﬂé-‘cl—sol

WORK INSTRUCTION — TECH # }ACCEF’T/HEJECT CRITERIA

(0 2.5 =550 -c¢) [Per Eng TP ALY

PLANNING DOCUMENT #

T53¢

HAMMER SIZE

5C 4
TYPE O{Z MATERIAL / NCR # ‘ / PROJECT NO/WOR #

. - N A B - -

UBE e / 5937/55&77 8¢ coc e

';fNM / IDENTIFICATION DESCRIPTION/REMARKS ACC l RE,
[_‘;000/73% F NGO UNBOAVDS np7en, 5 I
l / A D
7 \j

—

SKETCH

IN R

i _ LEVEL DATE
o [ A TR 110,
CSD 3059 (92108, N \5 { 430
BRECEDING PAGE BLANK NOT FILMED
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Comment Sheet

PART NO, SERIAL NO. PLAN REV. REL NoJg =3
B12000-14-01-501 1000734 Basic MFGA6334- 9-3-93
DESCRIPTION
BSM DELTA QUAL MOTOR TEST (FWD)
ITEM NO. [ STEP NO COMMENT:
o D003 v
Chart # ] has out of conditioning siruation for one munute . With mak time 2 minutes were deducted
from total time _ Total condition time is correctad.
ORIGINATOR: DATE. ORGANIZATION:
BR Partel 9-3-93 01840
ITEM NO, ’ STEFP NO, MMENT-
02 Doos co! :
Chart # 2 colq cvclehasSgikson high temp. side and 4 spﬂmonlowlemp. side. These spikes are due >
to compressor cycling (noise) . Total time is corrected. Spike duration is less than 2 seconds.
ORIGINATOR DATE: ORGANIZATION.
B.R. Patel 9-3.93 01840
ITEM NQ. STEP NO, COMMENT:
03 D008
In Chart# 4 mere!wogikcsoneoldwmg. and 10& on high temp. ThescSpikaarcduc:o
compressor cycling (noise). Spike duration is Jess than 2 seconds. v
ORIGINATOR: DATE: ORGANIZATION:
B.R. Pate] 9-3-93 01840
’ ITEM NO STEP NO. COMMENT:
0. DO13
In Chart # 6 thaemscvenspiksononhi@t&ng.andﬁveoncoldting..Thwegiksareducto J
compressor Sycling (noise) Spike duration s less than 2 seconds.
ORIGINATOR: DATE: ORGANIZATION:
B.R. Pate] 9-3-93 0184
<D 200 ) DISTRIBUTION: WHITE -STAY WITH Rp
PINK - uroua.ossmorm.szmsumvxson
roronwnmomcmmnmm
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ANDLING CARD SKETCH SHEET

]

MATERM.

NOMENCLATUR

BSit LOADED MOTOR CASE - AN 1 e

DESCRIPTION
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Nondestructive Inspection
Alcohol Liquid Penetrant

Visual Examination Data Sheet

WORK INSTRUCTIONTECHNIGUE [ REVISION WORK ORDER NUMBER
60.12.9-420-003 2 5597- Toe-cecps
CLEANER USED (IF REQUIRED) BATCH NO. DRYING TIME
NONE NONE NONE
ALCOHOL TYPE BATCH NO. OWELL TIME
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ACCEFPTANCE CRITERIA
DRAWING NOTE 7
REFERENCE NCR NO. (IF APPLICABLE) ’ PLANNING NOJNCR NO_
NeAe MFGA Y533 £
26(1 | DRAWING NOJFART Nosnza;o-u.o,.sg, ITEM DESCRIFTION :Dz‘ g = E
\ 3% 812603——upt BSM NOZZLE ASSY. (GRAPHITE THROAT) 2 QE 8
~ <
Jo-12-2} 'TZ";F:&ELN;::?‘CBA;ON INDICATION DESCRIPTION/REMARKS &
L0, 058 LR TAIMOATENE peven x| X

SKETCH

iNspecTor /) LI /\ff’vu// ﬁ; L. /1

S
RS

S i
Lever 73 -
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DATE 7('.‘ Z'“ 12)

CS0 2732 (92106)
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Inspection R,
PART NUMBER REV. ECO'S . J PROJECT ‘ NDT LAB CONTROL NO.
B12000-13-0/-56, % Nowue 1 35597 3/007(})7

PART/MATERIAL NAME Il SPEC!FICATION
! Se0727

BSm bera @oaL MoTeR TEST Forwar)
M QUANTITY

I

j ’JECEIVED | INSPECTED[ ACCEPTED REJEC
- : }JouE P
Pl MEeh Fesz3 | / /| 7 =6
SERIAL NO./VIEW ACC. | REJ, | REMARKS/DESCRIPTION i TECHNIQUE o

IOOO 738 Work/instruction No.

N 0i25-277
< {or fill in below)
®) | |
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TAP TEST EXAMINATION
DATA SHEET

5Sm DIz TR Qual

PART NAME Q\‘:c 220s kssy\ PART NUMBER/BRAWING/RE- AY . -0 % 3 PLANNING DOCUMENT =
-

Biz2coc ~iz-01-50,

MFEC A 52R=

WORK INSTRUCTION — TECH #

0012 8- 510 ~¢o |

ACCEPT/REJECT CRITERIA

HAMMER SIZE

R ENG. TNF O ALY 5O ez

CSD 3059 92/08) D(/

TYPE OF MATERIAL NCR # PROJECT NO/WOR #
QM%B@“( N/A‘ 55‘17/5%7"336‘0006
';/Ery IDENTIFICATION DESCRIPTION/REMARKS ACC REJ
02 T2 No UNBONDS  NOTED. &
N
—N Vi
(~—
/ Ay
K N
F:"\
N <.
@]
\ N
| v
/ L
( SKETCH
INSP LEVEL DATE
15 TR —
wl\% oo CuMT L . ‘LL - 113



Ultrasonic Report/
Calibration Sheet

Page } of Z
| PART NAME WORK ORDER NUMBER
BIMN DetT Lol Meiee TCaT S5£9 7-9%6~ ECco
PART NUMBER PLANNING DOCUMENT INFO NCR No
Release No 2 {1 apphcabie)
BIAAO - 3 X-50) MFGA G583 MeN e
Material Component AT Project Name
Serial No
CURBCE. [cco, 735 BsmM

Specmcanon/techmq

CALIBRATION CRECKS
Time

ue
-55"
6(? J75q /CO' lP‘q 6 3) Initial O%_SO
. Quantity Time
im
Received Inspected Accepted Rejected —
— Intermediate-
l l ENa | ITNFO Time
Final C)q 3 0 g
instrumenySenai Numoer% ¢ e m Calnlprgtloq Izae’_’ INSTRUMENT SETT'V
Transaucer — S 2e/Frequency — Serial Numoer, j .
I ) 'Zg /IOMHZ/?ZZ(&%/ Sweep C. F
S Method
canning Metho (OHTPCT Deay C. /F
Test B! S
es! Blocks/Stanaaras ,ﬁTD K 37/ o Reject on o
COUPLANT
E ency:
vaaeheel 1o
EXAMINATION AREA COMMENTS

CRRARE TO

5EE LemmMeITS OF Clesvee

ANSPECT APPROK. 32 2 ™\
BECAUSC ©F SVPFACE Pout HRCSS

Ve W R,

MW ?J (/Z‘? : Lg’ AL 11093

Inspector

CSD 2795 (92/03)

Level Date
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Commen¢ Sheet

PART NO. SERIAL NO. PLANREV REL NO. 533
B12000-13.01.50; [ 1000738 I Basic MFGA% : 3

DESCRIPTION ‘
BSM DELTA QUAL MOTOR TEST (FWD)

ITEM NO, STEP No, COMMENT:
o ] D003 ! _

03
—_— _ —_—
QChan#nberem:plksonooldtemp. and qu:ike.:onhigh temp. Thaegiksmduem
-2ompressor cycling (noise). Spike durarion i less than 2 seconds
—
\
ORIGINATOR: DATE: ORGANIZATION: ]

B.R Pate] 9-3-93 01840
r ol'i‘sMNo STEP NO. [ COMMENT:

J
D013

In Chartw g tbercamsevmm‘ onoahigugg.mdﬁveoncoldgy. . Thseqn'ksamdneto
oompressor Sycling {noise) Spike dnmionislesthan2 seconds

e ———————

ORIGINATOR: DATE: ORGANIZATIGN:
BR. Pare] 9-3.93 0184
O 240 @oay) DIsTRIMMION: WinTR * STAY WITH mpp
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UNITED

TECENOLOGIES
INTERNAL CHEMICAL
CORRESPONDENCE SYSTEM

TO: L. MURPHY

FM: I. LIZARDO

RE: BsM TEMPERATURE CONDITIONING, UPDATE (COLD MOTOR)

CC: R, HAMMOND, p. MELIA, w. HUFFERD, H. ZITZER, T. O'HARA
DT: October 15, 1993

NO: IJL-14-93E

REF: 1) Internal Correspondence, I. Lizardo to L. Murphy, "BsM
Temperature Conditioning™, Sept. 30, 1993, IJL-11-93E,

The two-dimensional heat transfer model, used in Predicting the
mean bulk temperature of the propellant for the cold motor, was
updated by an additional heat flux source angd the removal of an
extra heat loss ternm, The corrected plot is shown in Figure 1.

The additional heat flux added to the model was the reflected
solar heat flux from the ground. This flux was applied to the
bottom half of the motor. The additional heat flux was calculated
from an assumed albedo value of 0.30, a calculated incident heat
flux (direct normal solar flux, Iry, Reference 1), and a solar
absorptivity value of 0.33 for the white paint. In other words

Heat Flux = %white paine * albedo * direct normal solar flux

A correction was also made to the model. The present model had
two heat loss term:

4
l) heat lOSSl = 0c ewall,low temp Twall

4

2) heat loss2 O €uall, sorar Tlialg

The first heat loss term (with the low temp emiss=0.81) above was
applied to the entire motor. The second heat loss term (solar
emiss=0,33) above, which was applied to the top half of the
motor, should not have been included. The corrected current mode]
eliminated the second heat loss term above.
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In summary, the additional heat flux and the elimination of the
second heat loss term above increased the meanbulk temperature of
the propellant by 0.61° for Tair=105°F, by 0.58° for Tair=85°F,
and by 0.56° for Tair=65°F,

L s

I. Lizardo
Aerothermal
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0CT 2 51993
RCR-272-93

USBI Company
P.0. Box 1900
Huntsville, AL 35807

Attentiosn: Mr. Bob D. Noblin
Sr. Subcontract Administrator

Subject: BSM Temperature Conditioning Analysis
USBI IEWA 018333 Prime Contract
NAS8-36300, (csp Project s559%)

Reference: Aa) USBI Ltr. TGH-074-93 dated 8 Sept. 93;
Subject: "BSM Temperature Conditioning
Thermal Analysis"

B) Telephone Conference on 14 Oct. 93 with;
D. Wencil (usBI), 7. Hopper (usBr), bD.
Wilson (Local USBI), B. Hammond (CsSD), L.
Murphy (CSD), P. Melia (CSD), I. Lizardo
(CSD) ; Subject: "Modification of
Thermal Analysis"

In response to reference (A), Chemical Systems Division (CSD)
completed the Subject analysis documented in Attachment 1, which
was submitted to the USBI Program Management offjice (PMO) on 1
October 1993 for review. The analysis was subsequently updated per
direction received in reference (B). The updated analyses,
documented in Attachment 2, was Submitted to the USBI PMO on 18
October for review.

Unless directeqd Otherwise, csp considers this task complete with
this submission.

Should you have any questions, please contact Terry O'Hara, Program
Manager, at (408) 776-5841 or the undersigned at (408) 776-5334.

Very truly yours,

UNITED TECHNOLOGIES CORPORATION
Chemical Systems Division

R. cC. Russell], Jr.,
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Contract Administrator

C-—
bce: Attachments: B, Hammond, T. o rph

5
Hara, USBI-10 dw
C. Sherlock (DCMO), D. Albee, File: 559X
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ATTACHMENT |
'h-""-"'-----------.

UNITED

TECHNOLOGIES
INTERNAL CHEMICAL
CORRESPONDENCE SYSTEM

TO: L. MURPHY

FM: I, LIZARDC

RE: 23M TEMPERATURE CONDITICNING

CC: R. HAMMOND, ». MELIA, W, HUFFERD, H. ZITZER, T. O’ HARA
DT: September 20, 1993

NO: I5L-11-93E

REF: .. :98¢9 ASERAF ZANDEBCOK, ?UNDAMENTALS, I-p EDITION,

American Society of dearing, Refrigeration ang Air
Conditioning Engineers, Inc., 1989,

A thermal analysis was performed on the BSM to determine the mean
bulk temperature of the propellant while it is out of the
conditicning box for a maximum period of thirty minutes under
varicus thermal conditions. The pPropellant is considered out of
conditicning if the mean bulk temperature eXceeds a temperature
difference of s°F from the conditioned temperature within thirty
minutes. The out-of-conditioning thermal analysis was performed for

the Zollowing temperature conditions:

A. Initial motor ¢ nditioning temperature = 20°F.
~. Tair = 10s5°F
2. Tair = 8s5°p
3. Tair = s5°F

2. Initial moter cenditioning temperature = 130°F.

1. Tair = 4s5°F
2. Tair = 65°F
3. Tair 85°r

The results of the above analysis are shown in Figure 1 for cold
conditioned motcor ang in Figure 2 for the hot conditioned motor.

Analvsis Drocedure

A two-dimensional transient heat transfer analysis was performed on
the lcaded BSM mortor. The two-dimensicnal analysis was chosen over
a one-dimensional analysis because of the geometric shape of the ID
surface of the Propelilant. The analysis consisted of applying an
external boundary condition Lo a two-dimensional finite element
model depicting the cross-section of a BSM loaded motor. The
computer cede that was used in the analysis is CsD’'g two-
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dimensicnal heat *transfer ccde, 20T. It is a general “wo-

ensicnal planar or axisvmmetric finite element heat transfer
mputer program, performing both steady-state and transient non-
near neat transfer analysis. It uses anisotropic thermal material
operties that are a functiocn of temperature and is capable of
nandling time and temperature variant convective and radiative
boundary conditions; along with surface recession and impressed
tempersture boundary conditions. RBesides generating nodal
temperature histories, ZOT also cutputs the mean bulk temperature
of spe:ified materials as a function of time.

{1
3

O K

T ()

i =

Analysis Details

A two-dimensional planar finite element model, Figure 3, was
generated from the cross-section of the BSM motor (Figure 4).

The model consisted cf precpellant, liner, an aluminum case, and
cork as the external surface. The thermal properties for the above
mentioned materials are listed in TABLE 2. A full cross-section

cI the _caded moter was crsated for the capability of handling non-
symmetric heating/ccoling.

The analysis was broken down into two phases. The first phase
consisted of heating a ccld conditioned motor, while the second
rhase consisted of ccocling a hot conditioned motcr. The ID surface
of the propellant for toth rhases was assumed to be adiabatic.

The analysis for the first chase assumed that the initial
cemperature of the loaded motcr to be at 30°F. The external
poundary conditions cons:sted of solar radiation, free convective
heating and radiative heating with the surroundings. This phase of
the analysis was furcher troken down into three sub-phases based on
an air temperature cf 155°F, 385°F, and 65°F. The changes in the
three air temperatures are reflected in the cenvective and
radiative heating to th surroundings. The solar radiation, however
fected by the air temperature. The following assumptions
ce in determining the solar heat flux:

is un
were m

I m o

o
a

2. The hour angle was assumed to be zero, i.e. the time is

solar noon.

The month is May, wnen maximum insolation cecurs (Reference
).

The solar azimuth angle was assumed to be zerc. In other
words, the external surface of the motor case faces
directly into the sun.

The local insolation was applied equally to quadrants 1 and
2, the top half cf the motor, but was adjusted as a
function of the z:ilt angle. The tilt angle being defined as
the angle between the surface normal and the horizontal.

)

()

>

o]
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The above dssumptions givesg the worst PoOssible lgca] solar
radiation hear flux for the Summer monthsg Chapter 27 Of Reference
1 was used as the basis for calculatlng the local incident solar
radiation heat flux. The local incident solar heat 1,y was
calculated using the following €quation:
I.=1I, cos8
where:
I = direcr normal solar flux
8 = angle of incidence between incoming solar rays ang

line normal to the surface.,

The direct nermal sclar flyux wWas calculated wWith the following
€quaticn:

- A

.'nv - ———

- ; 5

exXp ( — )
P sin 8
where:

A = apparent sclar radiation at air mass=0, (TABLE 1)
B = atmospheric extinction coefficient (TABLE 1)
3 = solar altitude above the horizonta] (degrees)

The solar altitude, Z, is calculated as follows:

where:
L Latitude (37.25° csp location)
& solar declination (TABLE 1)
H = hour angle (=0, solar noon)

Based on the above €guations, the direct normal solar flux was
Caiculated :o be 285 .05 BTU/hr-ft?, The angle on incidence, 8, was

-~

calculaced using the Zollowing equation:

Cos 8 = cos B cos Y sin ¥ + gin B cos X

where:
<) = solar altitude
Y = surface sclar azimuth (=0, facing directly into the
sun) .

z tilt angle of the surface.
The tils angle was calculated for each of the external finjite
element Surface that was €Xposed to the sclar heat flux and

inputteg into the 2-p finite element heat transfer code as a

multiplication factor, with the direct normal solar flyux inputted



dS the source flux. The eXternal Surface of the CCrk wasg assumed t«
be covereg with white paint. The solar absorptivity and solar
SMissivicy for white painc was assumed to be 0.33.

Radiative flux, due to the Surroundings, wWas applied op all the
eXternal surface elements, The source temperature for thermal
radiation was assumed to e the Same as the air temperacyure The
Whizz cainc was assumed tc have anp absorptivity and emissivity

Cenvective heat transfer was applied on a1] €xternal surface
elements. 2 heat transfer coerfficient of 3 BTU/hr-fri_cp was used,
simulating a4 Very windy day. The air Cemperature Was used as the
sSource temperature fo» heating the cold motor,

The externaj] boundary condition for the second pPhase, out-of -
conditioning for the het Sonditioned motor (Twunu=130°F), used the
Same boundary conditions thar was discussed above feor the first
phase eXcept that ne Solar heat flux was applied to the eXternal
Surface of the motor,

~gure I shows the mean culix Cemperature history of the Propellant
Cr the out—of-conditioning cold motor (Twu“u=20°F). The figure
shows that the worsr: Case occurs when the air Lemperature is at
105°F. The mean bulk temperature of the Propellant wilj] rYeach 25, 5°p
at 30 minutes which is Still within the specification limitc of 30°F
maximum.,

I D

The resulss fer the out-orf-¢
shown in Figure 2. The figurs SRNOws that the WOrst case OoCcurs when
€ 45

the air teémperature jig a °F. The mean bulk Cemperature of the
Propeilant wil: reach 12 C 30 minutes which is also within
the Specification limit of 129 F minimum.

I. Lizarde O X4349

Aerothermal
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TABLE 1

Solar Constants
(Frcem Reference 1)

Declination

degrees)

-20.
-10.
0.
11,
20.
23.
20.
2.
0.

]
S SR

W o o

0

A > O o m
wn

0N o W

524

A
BTU/hr-£:2)

390
385
376
360
350
345
344
351
365
378
387
391

OOC)OOOOOOOOO

.142
.144
.156
.180
.196
.205
.207
.201
.177
.160
.149
.142



PROPELLJ'T
R .
Densicy = 0.0649 lbm/in:

Tempera-yre ) K_ 3T [Min-in-°m)

U
0.¢ 3.652E-4
<00.0 3

So. ur . (BTU/1bm-°p)

0.0 2 G.361
84.9 2.333E-4 0.361
131.9 2.264E-4 ¢.380

ALUMINUM CASE
Density= 9.19; ib/in®

' : Sp. Ht. 1'BTU/lbm-°F2
.1218 0.193

0.0 c
77.0 0.124s 0.202
100.0 0.1260 0.204
200.¢ 0.1302 0.212

Temoeracure ) K ’B-U/min—in—:F’ Sp. Hr. (BTU lbm-°F
\\
2.0 5.556E-5 0.470
400.0 S.SSSE-S 0.470
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AVOID VERBAL ORDERS

To: T. V. O'Hara
From: B. S. Hammond
Cc: R. C. Russell

Subject: BSM Thermal Analysis

Date: 1 October 1993

File: BH-099-93

Tim Hopper called back this morning and said 'please hold our formal response for a few

days which will allow USBI/ analytical people to review Mr. Lizardo’s letter. Furthermore,
the faxed letter is being viewed by USBI as compliance to our agreed 1 October 7993

submittal date.”

R. C. has no problem with this issue from a Contracts perspective after | explained the
situation to him.

So, CSD is to wait for USBI to review,/comment on Lizardo's letter, return comments or
concerns to CSD, CSD to make changes if necessary or submit the letter formally.
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LHUACSHMENI &

~ UNITED
TECENOLOGIES
NTERNAL CHEMICAL
TRRESPONDENCE SYSTEM

J: L. MURPHY

at I. LIZARDO

¢ BSM TEMPERATURE CONDITIONING, UPDATE (COLD MOTOR)

<: R. HAMMOND, P. MELIA, W. HUFFERD, H. ZITZER, T. O’'HARA
.t October 15, 1993

IJL-14~93E

3F: l) Internal Correspondence, I. Lizardo to L. Murphy, "BSM
Temperature Conditioning", sSept. 30, 1993, IJL-11-93E.

‘e two~-dimensional heat transfer model, used in predicting the

in bulk temperature of the propellant for the cold motor, was
—vdated by an additional heat flux source and the removal of an

rtra heat loss term. The corrected plot is shown in Figure 1.

1e additional heat flux added to the model was the reflected
slar heat flux from the ground. This flux was applied to the
ttom half of the motor. The additional heat flux was calculated
-om an assumed albedo value of 0.30, a calculated incident heat
lux (cirect normal solar flux, I,,, Reference 1), and a solar
sorpt.vity value of 0.33 for the white paint. In other words

Hea~ Flux = a,ueq puine * 8lbedo * direct normal solar flux

correction was also made to the model. The present model had
vo heat loss term:

1) heat l°551 = 0C ‘\uu,lon temp T‘w.n

2) heat 10882 = ¢ €,.1), ,so1ar Tlvall
1e first heat loss term (with the low temp emiss=0.81) above was
)plied to the entire motor. The second heat loss term (solar
niss=0.33) above, which was applied to the top half of the

tor, should not have been included., The corrected current model
— -minated the second heat loss term above.
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" UNITED
2 Tr-:cuuoh?mes

INTERNAL SvETEGa
CORRESPONDEN CE

to L. Murphy

fm P. Melia

cc W. Hufferq

re BSm Plating Flake Heating Analysis
dt March 18, 1993

no PFM-07-93.f

Previous thermaj analyses. as wel] ag test experience, indicate that both these
lemperatures are reacheg during motor operation. The present analysis addresses the
heating of the removed layer as it transitions the motor.

THERMAL MODEL ASSUMPTIONS:

- ID modeling

- -0004 inch "flake" heated from both sides (except as noted)

- convective and radiatjve heating

- surface absorptivity varied 03t0.6

- flake velocity equal to half chamber gas velocity

- 8as velocity goes from zero at forward end to M = 0.04 at aft end

- flake residence time in chamber approximately .06 seconds, in nozzle Jess

- Bartz heat transfer correlation for HTC, (a somewhat arbitrary model byt
it has a smalj effect)

- radiation from AL,O; correlation

- initial flake temperature equals 700 F (except as noted)

- nickel propertjes used as reported for room temperature with estimated
perturbed values at higher temperatures (K, Cp, density).
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In the course of the analysis. it became apparent that, under best estimate assumptions
of absorptivity, all of the flake vaporizes abruptly at some point in the chamber.
However, under the assumption of worst case, low heating estimate of lowest possible
flake absorptivity, the temperature is above the normal boiling point but does not produce
a vapor pressure greater than local total chamber pressure. Since the generated pressure
of the metal vapor is thus far, far above the partial pressure of the metal in the product
species gas, there is a significant tendency for diffusive loss of material from the surface.
It is difficult to predict these “evaporation” rates analytically and so an alternative
evaluation criteria was used.

The particle residence time in the nozzle is so short (order of 0.001 seconds) that little
additional heating occurs. The static pressure drops very rapidly however, and reaches
the vapor pressure of the flake at which time the whole flake vaporizes. Thus, the
mechanism for abrupt vaporization of the flake can occur two ways. In the chamber, the
flake temperature rises until the metal vapor pressure equals the chamber pressure. In
the nozzle, the local pressure drops until it reaches the vapor pressure of the flake at
chamber temperatures.

The temperature gradients within the tiny flake are so small (about 0.001 degree) that
essentially all the zinc is lost at once, suggesting that breakup of the flake is likely at this
point, although not considered in the model.

THERMAL ANALYSIS RESULTS

An initial baseline thermal model was run that was felt to be conservatively low in
predicting temperature of the flake. Several parametric variations were also run to
determine the sensitivity of the model to the basic assumptions. These are each
represented by a transient temperature history plot, figures 1 through 5, and summarized
in table I.

The baseline conservative predicted response is shown in figure 1. Even in this
conservative model, the flake exceeds the one atmosphere boiling point of zinc halfway
down the chamber. Because the temperature gradients are small and flake sizes small,
matenial properties have little effect. Most common metal properties give results within
10% of those quoted.

Although no model was made for a cadmium flake, it’s response would be very similar.
The cadmium flake would melt off at only 600 instead of 700 F, but would also boil
about 250 degrees cooler so that the vaporization for the slightly thicker cadmium flake
would occur at about a comparable region within the chamber or nozzle. This would be
true even if the actual absolute velocities and heating rates differ from those in the present
model. The main difference is that only 85% of the zinc alloy vaporizes at this point
leaving a 15% residue as initially solid nickel that is likely to melt later in the chamber.

Figure 2 shows that the results are not greatly changed even if the alloy flake comes off
immediately upon ignition at room temperature for some assumed but unidentified reason.
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1S assumed to be so small that the residence time becomes very long in which case
everything goes o vapor at chamber stagnation t€mperature. Thjs causes the flake
surface absorptivity and CMISSivity to be the principle uncertainty in the model. A
conservatively low value of 0.3 was used for each of these in the first two runs. When
a more realistic value of 0 g was used, the final temperature came oyt over 1000 degrees
higher as shown in

figure 3,

The principle remaining uncertainty was whether the effects of a large flat flake "rolling
up" into a ball or else "breaking up" into many pieces would change the transient
temperature history signiﬁcantly. These possibilities were evaluated and shown in figures
4 and 5, respectively. The rol] Up model assumed a flake ten times as wide ag thick, i.e.,
0.004 by 0.004 by 0.0004. would roll up into a sphere. A mode] with the equivalen;
resultant surface-to-volume ratio was then run and shown to reach 2728 instead of 289]

CONCLUSIONS

L. Surface absorptivity of the molten alloy is the principle uncertainty but does not
change the overa]] conclusion about vaporization of the flake.

2. Radiation js the dominant heat transfer.

3. Convection js 3 minor effect.

4. Thermal gradients within flake are negligible.

3. Shape, and to considerable degree, size of the flake or particle do not have a

strong effect on temperature response.

6. Other materia] thermal properties (K, Cp, density) are not Critical.

7. Initial flake temperature has ljttle effect.

8. "Rollup" or "break up” of flake do not change temperature history greatly.

9. Flake residence time is a significant factor but, again, generally does not change

the conclusions about characteristic vaporization of the zinc and cadmium and nop.-
vaporization of the nickel. The exceptions would be jf the flake velocities are



suarantees that the hot flake will flash over to vapor during the €Xpansion. The zinc
alloy leaves a residyg] 15% nickel behind after the 85% azinc vaporizes nearly

simultaneousl_v.

Even assuming an initia] flake that is 25 times as wide and 25 times as long as it is thick,
with maximum plating thickness. that survived the 85 vaporization process, and that
the residual nicke] somehow, even though it may be a soljg not a liquid immediately after

-y .
Peter F. Melia, Chief
Aerothermal Analysis

ba
Atts.,
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Figure 5
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EXECUTIVE SUMMARY

froducticn of the Laste epcxy adhesive ygeg o kond =BsM Zhrcats
and ignicars ZASI3NA/L-3) is ceing disconsinued by the
manufaccurer. Thig Tepert details the altivities Perfcrmed to
Qualify a rerlacement as Sutiined in yexz- TEST PLAN rCR
SUALIFICATION CcrFr REPLACEMEN” SYSTEMS FrCRr LA9-3NA/L‘3, dated -1
&3 A candidace adhesive was chosen by USBT LO evaluate agains
the baselins materigl The candidare adhesive tested Is Dexcer
Hysol's EA33954 . Wnen Cested side- by-side with the basellne
EASI3NA/L-2 prcducs, the EAS394 SYstem has proven €O be an
acceptable replacement materigl

(39
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Srature stugdy identifieg 7 adhesives Preposed for
c ©ns. These were rankegd based on 5
&r’s stated bong Strengths, pot life,
materials were in full preoducticn andg
a for any aerospace applications,
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SD was contracted to execute this
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FICATION OF REPLACEMENT SYSTEMS
CSD’'s Materials and Prccess
specimen fabrication ang testing
llowing practices established in
detailed work instructions. CsD
USEI quality were Dbresent for

ed by the work instructions.
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<.C TEST OBJECTIVES AND SUCCESS CRITERIA

The primary Cobjective cf thig program fs to qualify s new
adresive syscem ro replace EASI3NA/I,-3 Cn the booster Separation
MOLOrs.  The igniter ring insulator has been deleted from the
MOLCr design and the aft closure insulator bondg System will be
changed to 3 direcs vilcanization Proecess and addressed in
ancther test plan. The testing descrired in this plan will
Jualify g rep.acement adhesive system Izr the graphite throat to
the aft closure bond, the glass phenclic insert to igniter
nousing and igniter grain rea bonds, and the repair of the NBR
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The success criteria was icentified sc that if the side-by-side
testing of the new System against ths cl4 reveals "equal o zor
petter than" results, the ZAS254 ma-er-:zl will be succsssful
There is nc success cri-sris for the rzpair bong

A seccndary cbjective is te gualify g new solvent,/cleaner system
<o replace 1,1,I trichlercethane (702 and methyl sthyl xercne
(MEK) . he surface preparation for a-- oonds use one cr both of
the two soon to be restricred soclvents. This cbhbjective will
gqualify an environmentally Iriendly clszaner to be used as a
surface cleaner in preparation Ior peonding with the new adhesivsa
system. The success criteria for -h-s cojective will be rtha
success <I the new adhesive System wnen prepared using :the rew
cleaner(s) .

2.0 TEST PROCEDURES

2.1 TEST CONFIGURATION

Three categories cof specimens were farricated for this test,
Baselire, Candidate and Aging specimens. Baseline test specimens

were processed for each substrate compination to represen: how
nardware is built tocday. Candidate specimens were processed
ldentically to the Baseline specimens except the candidac-e
adhesive system (EA9394) and two environmentally friendly
cleaners f(Jettacin and Reveille) were used in replacement cf TC
Aclnc specimens were processed identically to the candidate

specimens.

The substrate combinations were isostatic molded ATJ grarhice
conded to 7075-T6 conversion Coated zaluminum to represent the
Sraphits cthrecat-to-aluminum closure pcnd Glass phenolic bonded
o 304L passivated stainliess sreel srecimens represent cre
igniter housing-to-phenclic insert and chenolic insert-to -igniter
grain rod bonds. NBR rubber-tc-7073-75 conversion coated
aluminum peel specimens represent :he repair interfaces of the
now vulcanized aft insulator -o clics re pond.

The substrate combinations were tested 11 tension (ref. ASTM
£20¢88), with 1.5 inch diameter flatw ‘se tensile specimen
geometries, shear (ref. ASTM 03164, with single 1.0 square inch
sandwich overlaps geometries, and peel (ref. ASTM D803, with 1.0
inch wide 18C° peel specimens geometries

m
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3.2 TEST CONDITION AND ACTIVITIES

All bonding ang testing Coerations CClurrsd between €2 and 70w
and 48 and 643 relative humidicy Shear tensile and pes’
Specimens were tested a:- 75+/-5°F 3nsa -30+/-50p, Shear ang reel
Specimens were Soaked a: 1:50m for fcourcaen tO seventeen Minutes
just prior o 13900 testing ang flatwiss Ctensile Specimens fo»
twenty three ro tWenty Ziva mi utes g3s determined by a

thermocouple assembled inc the bondl:na °of a Sacrificia:
Sbecimen of ezch geomerry,

ATJ GRAPHITET CGrarhics Iaving Surfaces wera hand abraded with
400 gric €Mery raper, the- wWibed with clszn Rymple cloth dampened
witch Isoprepyl aiconol

ALUMINUM: Aaly
gri¢ emery pap
with 1,1,1 =43

minum faying Surfaces wers hand abradegd With 60-80
» then wipeg with cliean Rymple cleth dampened
hloroethans.

PHENOLIC: Phenclic faying Surfaces wers Cleaned using clean
Rymple clioth dampened wi hZ,1,2 :richloroethane, then, hang

T
abraded with 400 gric Emery paper, ang taen wiped dry with Rymple
cloth,

STAINLESS STEZL Steel faying Surfaces were cleaned using clean
Rymeple cioth dampened with 1,1,12 :rlcnloroethane.

ATJ GRAPEITE. Graphite faying Surfaces were hand abraded with
400 gri- SMery paper, then cleaned wizn Ciean Rymple cloth
dampeneg with Iiscrropyl aicchol, Zcllowed immediately by a dry
wice wizh 3 Clean Rymple clgo=h

ALUMINUM: Aluminum faying Surfaces were wiped with clean Rymple
cloth dampened with Jettacin Cleaner Icllowed by a ciean Rymple
cloth dampened with deionizeg water, Immediately following the
water wipe g dry wipe was Ferrormed wirh clean dry Rymple cloth.
Then the Surfaces were hand abradeg with 60-80 grit émery paper
Iollowed by a Wiping with clean Rymple cicoth dampened with
Reveille Cleaner, Finally, this Step was immediately followed by
& dry wiping c< -+fan dry Rymple cloth,

[5)
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1
1

FHENCZZIZ: Phenclic faving surfaces wWers wiped with clean Rymple
cloth dampeneg wWith Reveille cleaner, Icllowed immediately v g
dry wipe with clean gry Rymple clorh, The surfaces were then
hani abradeg Wiin £0-280 €It emery raver follew ed by 5 wicing
Wiln clean Rympls closh damrened wi-= Reveille Cleaner, Flnally,
his step was immediatel; Zcllowed Zv a dry wWiping of clean dry’
Rymple cigth )
STAINLESS STEEL Stainless greel faving sur rfaces were wiped wiznh
Clean Rymple clcth dampeneg W1lCta Reveilla cleaner, followeg
iumed;a:ely DY a ary wipe wi=h Cclean drv Rymple cloth.

S were wiped with clean Rymple

All surfaces wers allowed to gzir dry 22 minutes minimum pricr =o
applicaticn of adhesive pu: na- ~Cncer than 43 minutes,

cimens were tested on a
ine. A Crosshead
e

~ il
S€baration rate of 0,05 1iCnes per minures was used for all tests
but the peel tests where 12.¢ inches per minutes was used. A
char:z speed of g 2 to 0.3 :inches Per minute was usegd dependlng on
wnich crosshead Speed was used. Digizal digicators were used to
monitcr rcesrt temperatures, Hqumidity was monitored for ambient
tests only

3aseline vs canpdidate aldmihum-:o-cranhite in shear andg flatwise
tensile; data, ‘from tables 1 ang <, indicate that at 75°F the two
adhesives are Stronger than the grapnite substrate. At 130°F the
candidazs indicates g 7% S-rength decresase for shear and an
undetermined change for flatwise from the 750p data. The 120°F
flatwisG spec1mens that failed ar the se econdary bond do not
evaluate the primary alumiﬁum-to graphite bond. Therefore we
cnly know that the primary bond is greater than this data. It is
Suspected that *+he seconaa*y bond (Ea9394) for this set of

Specimens shouid have been allowed to cure longer at room
temperatures. The aliowed cure for this set was 4.5 days prior
O testing, all cther seco ndary bonds cured for 8 to 10 days.

547



Base{jne Vs, candijdgate staj ej-tg-o
flatwise tensile: data, from tables 3 and 4, indicate ¢

(EA 9394 ) has 3 13 ¢,
decrease in bond st

candidate adhesive
in flatwise tensife 2 3 ¢/,

~0-aluminyum
there .5 3 42%
°Xe is a 29%
Surfaces on a insul
SrY conditions for ¢
' to reproduce.,
Was the same
Because i-

“d

Eurposes
Chosen < x

-
Ciosure

(1

oy

e pr

the lowes:
lnimum for -

€Ss molding
value Obtained
ubber—to—alumin

~

(),

Tabl
to f:i12
fabricated the
their facili

()
)
1
)
O frt
»
*

I o

o 3y

unn

[ IS T}
1 kp

m

n

8

n

CONCLUSIONS

1

8ST dacsz shows, =he Candidate adhesive

fe EASIZNA/L-3 adhesive. When Comparin

for bond Strengths in shear,
t €ratures neither sys

i any sin

wo

W'y 1 o1,

bond failureg
Centributed ro an
it should be noteqd

room temperature ¢
mens shoulg See § t
possibility for

the Seccndary

The Seccndary
Sbecimens wag

cim
(oD

Observed in

this test,
rsi Strengths,
banels?}) spec:
I0 tes The
ruled ou-

EAS394 353

- %y
e d o,

because
nesive,

bond fai]

548

variability.

is not pra
1t was chosen net
It is Suspecred
SOPropyl alcono]
S€ agents which ma
Process,
(11.6 pii)
um bonds.

tiles,

EA3394 ;g €quivalent
g the barameters of

(Coproc
© 10 days of
Pocr sur

1 inshearand

ator-to~Ciosure unbond

Nsulator-rg.
Clicable tgo
<O abrade
that
wipe crily)
Y have beepn
N with the data
is well above

Or the ;i

th

Eve

€s 6 and 7 have beepn
in at the conclusion
ging Specimens which

a

to

the
nsile, ang
ately

flatwise te
tem is Predomir

gle category.

As a result
er than 2000
shear

nimum prior
tion was

Y within the

ess lap
cure mi
Zace Prepara
ed cohesive]



Peel panel darca Scatter is atiripureqg Lo surface Preparaczicn ¢~
the NER rubber Substrate. The on.y croven Preparation fe»r
cleanzng rubber with environme“:ally Ifriendly Cleaners :ig the
tecnnigus used cpn "B-szaged" lnsula:cr-to-closure vulcanizazior
bonds FPeel panel variability couls De reduced by utilizing
Reveille cleaner and harnd acrading

Envircnmentally friendly Sclvents and the EAS3%4 adhesive were
evaluated for Qualificaticen together in this plan. It isg very
Aifficuls co discern cause f data scatter when plans ccnitain
multigle variables. Some data QiiZerences Seen in this summary
may be attributed to variations in Cleaning Processes (on
relatively small pleces of material Substrates), asg well as
adnesive variapility. sar exampls, & Reveille Cieaner dry time
Constraint of 2p minutes minimum a&n2 45 minutes maximum may neot
pe ortimum when fabrlba:ing laboratory test specimens in order :to
qualify 3 Preduction scale Brcocess. When inccrporating these
cleaners inse broducticn it may re lecessary to adjust dry <times
O Sult the acrual Parc geometry ang Process flow.

<t 1s recommended that EA9394 adhesive System be used for BSM
structural and nonstructural bonds as described in this test
repor:
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TABLE #1
BASELINE AND CANDIDATE INDIVIDUAL DATA s Y
ALUMINUM-ATJ GRAPHITE-ALUMINUM IN SHEAR
TEST TEMp °F 75 130
ADHESIVE EAS13NA/L-3 EA9394 EAS13NA/L,-3 EA9394
INDIVIDUZT VALUZES 3563 528 €57 507
522 £l¢ 588 4357
577 498 784 &£77
S€es 503 511 £E53
579 442 662 29¢
557 SRR 542 468
£8g £2¢ 578 s1C
58¢g 538 751 473
£34 560 636 447
3738 518 663 484
AVERAGE 578 515 665 472
STD DIy 28 31 55 34 .
FAILURE MODES Cor - COE - ADH/CQH : COH/ADH *
Notes: 1. com - 10C% conesive within =he Substrate (graphite) .
Failures OCcurred near the adhesive bondline.
<. ADH/COH = Predominantly adnesive failure, between the
adnesive ang the aluminum, ang partial Cohesive, within
e graphits Supstrate.
>. C2H/ADH = Predominantly CChesive failure, within
~5€ Craphits, azng Partlal adhesive failure between the
aluminum ang he adhesive,
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TEST TEMP °F 75 130
ADHESIVE EAS13NA/L-3 EAS394 EAS13NA/L-3 EA9394
INDIVIDUAL VALUES 2113 4103 3282 1668
4132 3530 25893 2264
4244 2132 305¢ 2188
28320 3622 3113 2037
22l¢ 322¢ 3022 158:%
4728 2707 2547 1443
2133 :90Cs 2739 2284
43538 2801 3113 294z
2018 2503 233¢ 2066
4018 2872 25632 18¢8
AVERAGE 2876 3472 2384 1832
STD DIV 572 542 265 501
FAILURE MODES Cox - COH - COE - SEC -

2

Notes: 1. com - ~00% cohesive within the Substrate (graphite) .

SEC = Secondary zzong failure.

9]

b

(
!
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TEST TEMp of 75 130
ADHESIVE EAS13NA/1-3 EA9394 EA913NA/1,-3 EA9394
INDIVIDUZL VALUES 427 778 61 762

455 744 493 547

£58 715 463 352

662 732 554 27z

£07 833 603 410

5§01 772 €35 354

590 708 445 662

£§72 538 604 314

758 965 586 £93

SEs 535 577 692
AVERAGE €18 742 552 520
STD D:Iv 102 114 64 171
FAILURZ MODES ADH * ADH/Coy ADY : ADH/ADH *

Notes: 1. ALL Specimens failed near the adhesive bondline.

ADH = 1003 adhesive failure between the adhesive and
glass Phenclic Substrars.

9]

L)
g
4

/COH = Predominantly adhesive failure, between the
adhesive ang the glass phenolic Substrate and partizl
Conesive, within the glass phenolic.

1/ADH = Predominanclv adhesive failures, between

o
"o
t
e

the adhesive and the glass Phenolic Substrate ang
rarcial adhesive, between the adhesive and the Steel,
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TEST TEMP °F 75 130
ADHESIVE EA913NA/L-3 EA9394 EA913NA/L-3 EA9394
INDIVIDTAL VALUES 15328 1358 805 P 843
1217 1z5¢6 %30 821
le4: 65¢ + 1075~ 1217
1387 1523 1160 S62
14158 1273 1075 1217
1443 ~528 10758 1217
1500 25835 1075 1132
.55¢6 158% 1132 9590
1613 1418 962 890
1684 1302 1104 1047
AVERAGE 1498 l45¢ 1055 1044
STD DIV 139 124 ) 79 148 .
FAILURE MODES ADH ¢ CCH @ ADH COH °
Netes: . a1z Specimens fajilegd ear the adhesive bondline.

28}

ADE = 100% adhesive failure between the adhesive ang
glass phenolic Substrate,

+

00% cohesive within the glass phenolic
te
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PANEL#/TEST TEMP °F 1/75 2/75 1/130 ! 2/130

ADHESIVE EA9394 EAS394 EA9394 EA9394

INDIVIDUAL VALUES 18.9 3.8 44,9 5E.6
14.2 32.¢ 75.8 74.0
12.3 24.7 1.1 51.2
1l5.2 2C0.¢C 51.7 44 .4
11.5 20.¢0 75.2 2.9

AVERAGE 14.8 25.3 75.2 56

STD oIv 2.8 7.0 17.7 11.1

FAILURE MCDEs ADEH ADE coy ¢ ADH

Notes: . Specimens LOre (within the rubber) approx. 1/4 inch
before test was Stcopped dus o reaching maximum
€Xtensicn of the Crosshead. These data are peak values
at time test was Stcpped.
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CCOH = 100% cohesive, within the rubber sSubstrate.
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YEARS OF AGING
ADHESIVE

INDIVIDUAL, VALUES

AVERAGE
STD DIv
FAILURE Morzsg

YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

AVERAGE
STD C1Iv
FAILURE MCDES

TABLE #6
AGING INDIVIDUAL DATA suMMary

ALUMINUM-ATS GRAPHITE-ALUMINUM IN SHEAR

1 (1994) 2 (1995) 3 (199s6) 4 (1997)
EAS9394 EAS394 EA9394 EA9394
2
2
2
e
10
5 (1998) 6 (1999) 7 (2000) 8 (2001)
EAS394 EA9394 EA9394 EAS394
2
7
g
16
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YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

VERAGE
STC DIV
FAILURE MODES

YEARS OF AGING
ADHESIVE

INDIVIDUAL VALUES

AVERAGE
STC DIV
FAILURE MODES

TABLE #7
AGING INDIVIDUAL DATA SUMMARY
STEEL-GLASS PHENOLIC-STEEL IN SHEAR

1 (1994) 2 (1995) 3 (1996) 4 (1997)
EAS394 EAS394 EA9394 EAS394
2
3
4
5
5
7
8
g
i0
5 (1998) 6 (1999) 7 (2000) 8 (2001)
EA9394 EA9394 EA9394 EA9394
2
3
4
6
7
8
9
10
17
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internal gggﬁh?ommss
Correspondence ey SR

To: Terry O'Hara

Fm: Bruce Goldstone

Re: BSMm: Structrual Margin Assessment for ATJ Materiaj Property Comparison:
Castor versus ATACMS Data Bases

Ce: L. Murphy, R. D'Onofrio, O Morrow, B. Hufferd, S. Kamen

Dt: November 23, 1993

No: BAG-29-93-E

BACKGROUND

A review of 'new’ isomolded ATY (TS 1792) material Property data from two
independent Characterization test activities (Castor 1988 versus ATACMS 1992)

conducted to assess the impact of the differences between the two variations of the
ATJ material.

SUMMARY

PRECEDING PAGE BLANK NOT FILMED 359



Terry O'Hara
BAG-29-93-F
Page 2

DISCUSSION

material modulus was about 75 percent of the Castor materia|. At 5,000°F the
difference was only about 3 percent. The strength data (at 70°F) showed 3 similar
trend, where both the with-grain (WG) and across-grain (AG) strengths of the
ATACMS materia| was about 75 percent of the Castor strength.
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Terry O'Hara
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Page 3
COMPRESSIVE PROPERTIES
Press Molded Isostatic Isotatic
Temp, °F 'Old' ATJ ATJ(Castor) ATJ(ATACMS)
E.(psi) AG 70 0.76 1.33 1.03
4250 0.77 1.03
4500 0.64 1.34
5000 0.38 0.70 0.68
E- (psi) wa 70 0.97 1.37 1.19
c-/e. AG 70 8600/ 13245/0.0504 10037/0.0368
(psi / in/in) 5000 11500/ 8625/
c-/e. WG 70 8400/ 12935/0.034 9807/0.030
(psi / infin)
TENSILE PROPERTIES
Temp, °F ATJ ATJ(TS1792) ATJ(ATACMS)
_— _— _— _
E; (psi) AG 70 1.18 1.35 1.48
2000 1.28 1.44 1.69
4000 1.59 1.17 1.29
4250 1.57 1.29
4500 1.53 0.86
5000 1.47 0.57
E.(psi) AG 70 1.70 1.43 1.63
cr/e;, AG 70 2935/ 4777/0.0039 4245/0.0036
(psi / in/in) 2000 2745/ 6720/0.009
4250 4720/ 6535/0.0211
4500 5100/ 7208/0.0290
5000 4490/ 5801/
or /e, WG 70 3355/ 4438/0.0044 4326/0.0043
(psi / infin)
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Page 4

To assess the effect of these differences in Mmaterial properties. a one-dimensiona
(plane strain) thermostructural was performed at the throat plane of the graphite insert.

ANALYSIS RESULTS
==0=T9lo RESULTS

The results of the 1D analysis are shown in the table below.

Material Hoop Hoop
Model Stress, psij Strain, %

Castor -13430 -0.00779

ATACMS -10880 -0.00784

Difference 1.23 0.994 (Castor / ATACMS)



Terry O'Hara
BAG-29-93-E
Page 5

of properties (i.e. Preéss molded ATJ, and isostatic Castor and ATACMS ATJ) of these
materials is acceptable for the BSM application.

g?ﬂ.u.u_, , Hoilere

/e
Bruce Goldstone, Chief
Structural Analysis

References

1. Memo, BAG-09-93-E, "Structural Analysis Assessment of Using TS1792 Graphite
in the BSM Nozzle" to Larry Murphy, dated May 14, 1993.

2. Memo, SFK-34092-E, "BSM ATy Graphite Replacement, TS1792 Graphite", to L.
Murphy, dated October 13, 1992,
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Unit Thermal Expansion (AL/L) in 107? in./in.
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Ior ths successiul TerIcrmance i -re IIrcat lnser-
S 4 "sanltv check" -» tne marg:in assessmenc, cthe SCCal thermsl
ang mécnanically :induced Strain at the throar insert Iz Surfzce
Wa&S ‘Smparsd Tz the freae “nermal €XTansicn ci -he Taterzal far
“he same cemperature. = =000°F, :the thermal SXParnsicn 7 -=a
Ts17zz, wlti-grain, 1s 2.207s in/in. Compared s the Ictal
lnduced strain Tredicted by analysis, 0.0080 in/in, i:srs Clear
That the inserr is in an a_most cCmpletely Téstrained =hermal
Jrowtl ccndizicn.  Thig Teans that the induceg Strain wil:
=Ssentially e =gual =z -ka thermal strain caused zy the local
cnance in -emperature, olusg wnatever ccher mecnanical Strains are
ceing impcsed Since the aluminum snell is so grizs and massive
compared s the threac inserz, =he mechanically induced stra:ing
are neglicinle, Therefcra, -ne thermal strains dominate the
tircat insers ccmpressive response and trcvide an upbper zcund for
e Induced resronse Trom the Stress-strain cenavier CI zhe
TS17%2 material Res =) 2T 2000°F, =he average scrain Capapilicy
was 2.¢70 in/in This shcws thar -ere s a FS cf over .2 2on
Maximum strain. The AT mater:ial, - the otherhand, Ior
ctasically the same thermal Strain, nas a failure Strain
capapilicy <f 2.¢4 in/in, which gives a FS of abour .2

2is evaluation show that bulk graphites, like ATJT

The rasults of -x

and TS17%2, cannor ke adeguately assessed using a maximum stress
-aillure crizseria for comeined ccmpressicon Stress states, and that
i order -=- Crorerly assess the margins of safety, more zdvanced
failure cricar-z 2Ye recessary. The ccmpined failure Criteria,
3S arpilsd nere, was -SSS conservative than the eariiar 3Tprcach,
SUT wnen used :n CSnIUnCIicn with a linear elastic analysis scill
Srividss cverly cons o 2su.ts This was evidenr wnen sz
LTactlca. tcmpariscn ol Q versus allcwaple scrain
J3garilicy was Tade, inderendens of e analys:s metncd.
“ne cverzll iSsessmen tae TE17e2 ATC Sraprite shews
~TCrcved mechanical jo and cacapnility over <-hre existing
~7J7 gracnizs and wil- 2Jqulvalient structural Terformance
T Ihe 38M rozzlia
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/ Nationai Aeronautics sne
Scace Admimstraton

George C. Marghayj Space Flight Canter
Marsnall Soace Flight Center. AL 38812

Seply 1o AfA of: SA4} (94-081)DR
Ricks/4-2690 APR 11 1994

USBI

Atn.: Mr. H. P, Blanks
P. O.Box 1900, West Station
Huntsville, Al 35807

Subject  Use of Lsostatically Malded ATT Graphite in the Booster Separation Motors
(BSM)

The enclosed memo from MSFC's Materials and Processing Laboratory (EH01)
documents their fina) assessment of the fsomolded ATJ Graphite for use in the BSMs,

Cary H. Rutland
Manager, Solid Rocket Booster Project Office

Enclosure

cc:
EAQI/R. Schwinghamer

AP48/M. McClure

EP12/J. Nibletr

EE11/]. Smith

EE13/D. Russell/ D. Ricks
USBI-PM-HSV/C.Nelson/K.HﬂI/I‘. Hopper
USBI-ENG-HSVAW - Jackson/D. Wenci]
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oo amer EH34(94-10) FEB 3 194

TO: EE11/James D. Smith
FROM: EHO1/Paul H. Schuerer
SUBJECT: Final Assessment of Isomolded AT] Graphite For Use In BSM Throats

Evaluaﬁm\ofdxepmcssdungefortheAngraphiteusedinthe throat of the Solid
Rocket Booster (SRB) Booster Separation Motors (BSMs) has been completed. It is
theposiﬁonoftheMatuhh&Pmosseshbmatmythatﬁ'wmteﬁﬂpmdgmdby

experts in the graphite material field, comparison of the materiaj properties of the

slurry malded ("old" versys the isostatically molded (new”) material, and an
evaluation of the acceptance tests. The findings are discussed below.
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ha same basic properties as the ojd material. This may explain why the Castor
material was out of spedification with consequent higher Properties, and

tests may improve our knowledge, the current acceptance tests are adequate. The
dmsityrdawstothenumberofdmgiﬁcaﬁoncyc}a_sﬂlemmﬁalhassm The
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appliation the ATJ has insuffident time to develop enough thermal stress to create
concern. Due to these factors the AT] graphite's capabilities, whether the
isostatically molded or the slurry molded, are never seriously challenged.

The purposes of this memarandum have been to document the findings of this
reviewandmdearlystatedlereasonsforﬂteMatedahandeceselaboratory
position. The isostatically molded AT] graphite is acceptable for use in the BSM and
the acceptance tests currently specified in the Source Control Drawing are sufficent
to ensure a consistent material. Should there be any further questions please contact

44-//« VA

Paul H. Schuerer
Director
Materials & Processing Laboratory

<
EE13/D. Ricks

EH31/C. McIntosh

EH34/R. Clinton/T. Lawrence
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WAIVERS/DEVIATIONS - AFT

———

@MENCLATURE PART NUMBER SERIAL NO NCR VMRR DAR
motor Assy, Final B12000-14-01 1000734 D12181
Motor Case, Loaded B12002-02-01 10705 D10909
Case/Aft Closure B12018-02-01 10705 B13616 (superseded by B19943)
Case/Aft Closure B12018-02-01 10705 B19943
Adapter, Igniter B12016-02-02 5568 D05044
Nozzije Assembly B12003-10-01 10705 D11910
Nozzle Assembly B12003-10-01 10705 D11923 006184
Nozzie Assembly B12003-10-01 10705 D12186
Closure, Aft B12018-14-01 10705 D10070
Anti-Oxidant SE0724 Lot 20 D0838s
All Motors
HX-752 SE0754 Lot 50 D08262
All Motors
Nozzie Assembly B12003-10-01 10705 D14417
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CAUSE:

The documented discrepancy is a first time occurrence. Insulated closures P/N B12003-
09-01, S/N W0442 (FWD), Release Number MFGA 96732, and P/N B12003-10-01, S/N
10705, (AFT), Release Number MFGA 96733, were being processed per Material
Acceptance Traveler (MAT) operation 0030 to bond rubber insulator to metal closure per
SE 2073 as part of the Deita Qualification Program. Peel 180° panel was processed in
the same environment as the two closures. Paragraph 3.3.1.2 requires surface
preparation, priming, adhesive applications, mating of parts and the temporary storage
activities to be completed in a "designated” bonding room. The BSM designated
bonding room was not utilized as required for the two referenced closure assembly
bonding activities prior to vacuum hold and autoclave cure.

The masking tape employed as part of bonding activities contained no identification that
allowed verification of a “Silicone-Free” material, violating paragraph 3.2.2 of specification
SE 2073. The masking tape used in the two Delta qualification units was the same as
used for the demonstration units and is CSD #80031. No part number identification was
on the roll of tape. Verification of the support material is obtained via part master
description. No certification of the silicone content of the tape was available at the time
of operational use. Verification that the tape is “Silicone-Free" has been obtained (see

attached) from the manufacturer.

The requirement to perform specific tasks within the designated bond room and
verification of "Silicone-Free" masking tape was overlooked by the CSD engineer and
operators (Quality inspection is not required by the approved planning to witness the
operation in question) present at the time the operation was proceeding. The inspector
does have mandatories within the planning package, however was performing other
duties in a separate location on site while the bonding operation was being performed.
PI 07.2.048.0 calls out the bond room requirement (see attached) under item 10 of the
prerequisites. Demonstration units were bonded in the same general area as the two
Delta qualification units. The operation occurred on a Sunday while very little other
activity was underway within the station.

CORRECTIVE ACTION:

Nonconformance reports, D1 1923 and D11927, were written to document the
discrepancies described above and allow for Material Review Board (MRB) disposition.
The following actions are being taken to correct the errors and prevent re-occurrence.

1) Process Instruction (P1) 07.2.048.0 has been revised per Planning Change Sheet
(PCS) No. 040487 (see attached) to identify by CSD part number on the support
materials list and within the body of the instruction at the masking operations the
“Silicone-Free" tape that was used for the two Delta qualification units and will be
for all future production parts. A second "Silicon-Free" masking tape has been

called out as a back-up.
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RESPONSE TO Uss CAR 659
(Continued)
2) Data Acceptance Recordg (DAR) items have been added per PCS No. 040487 to

3)

4)

6)

8)

require stampeq verification that the designated bond room and Masking tape(s)
have been Used to process the hargware.

Identification tags with CSD Part Number, Lot Number, and Quah‘ty Inspection
Stamp will be requireg on the appropriate rojis of Masking tape.

A storage area within the BSM adhesive bonding foom to store the selecteq
masking tapes has been establisheq.

Review of the igniter and loaded motor assembly ang Paperwork shall be
conducted prior to commencmg bonding Operations to ensure Compliance tg
design requirements, The review shall be Compileted by CSD Quality,
Manufacturing, and Design representatives, PCS’s shaj be issueg per CSD
Standarg Procedure 50.23.12, to incorporate any required document changes,
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donut {ref, SK-FMP081993-1). A8 can pe Seen in the sketch, the

Corner which left a Space. Thjg space subsequently filled with

rubber under the heat and pressurg of the autoclave Cure which

cloth instaljegq in the Vacuum bpag, Only two layers of nylon
release Ccloth wji) be used over the forminq donut, This Mmethod of
bagging ig similar to that used op the demonstration Units, The
demonstration units werae Completely accessible to NDT inspection in

the area where the ridge formed ©n the Delta Qualirication units,

Planning for lot aApa will then bg revised to control the amount of
bleeder cloth installeq and a oictorial depiction of the Proper
bagging techniqug will bpe added, Training sessions wili be
conducted ang documenteqd to insure operators who Perform insulation
Vulcanization Processes are knowledgeablc regarding Planning and

Process requirements, The nozz]le assenbly drawings Will he revised
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WAIVERS/DEVIATIONS - FORWARD MOTORS - Lot AAY

NOMENCLATURE PART NUMBER SERIAL NO NCR VMRR DAR
Motor Case, Loaded B12002-02-01 1000738 D10909
Case/Aft Closure B12018-02-01 10511 B13616 (superseded by B19943)
Case/Aft Closure B12018-02-01 10511 B19943
Adapter, Igniter B12016-02-02 5569 D05044
Nozzle Assembly B12003-09-01 W04212 D11927 006185
Nozzle Assembly B12003-09-01 w0442 D11959 006186
Closure, Aft B12018-14-01 w0442 D10275
Anti-Oxidant SE0724 Lot 20 D08388
All Motors
HX-752 SEO754 Lot 50 D08262
All Motors
Nozzle Assembly B12003-09-01 w0442 D14416
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Item: 1, Qty: 1

Use-as-is for qualification testing. The requirement for performing adhesive

bonding operation inside a bonding room is intended (o insure that no
contamination degrades the mechanical bond. The peel test samples, which

were co-processed in the same area as the closure insulators, yielded
acceptable bond strength values well above the 25 pli minimum requirement. (ATTRCHMEN
These test samples provide confidence that the insulator to closure vulcanized

bond has adequate strength.

Item: 2, Qty: 1

Use-as-is for qualification testing. The 12 hour vacuum hold period is a process
control requircment 1o insure that entrapped air between the closure and the
insulator is removed. Entrapped air could potentially cause an unbond in the
interface. The post-vulcanization inspection of the bondline (ultrasonic and
tap test) verified that there are no unbonds between the insulator and closure.
Therefore there is no hardware discrepancy.

Item: 3, Qty: 1

Use-as-is for qualification testing. The requircment for non-silicone tapes is
intended to preclude silicone contamination of the adhesive bond. The tape
used was applied to the threads of the closure which is not part of the bond
area. Adequate bonding was achieved as shown by the closure/insulator edge
bond inspection. The use of the silicone tape will provide for qualification of a
more worse case condition that what will exist in flight motors.

Item: 4, Qty: 1

Rework to print by removing the raised area and re-inspecting via ultrasonic
inspection and tap test. Use Non-Conformance Rework/Repair Planning for

NCR D11923 ¢attachedy
(ATTACRMENT V)
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RESPONSE TO USBI CAR

CAUSE:

The documented discrepancy is a first time occurrence. Insulated closures P/N B12003-
03-01. S/N W0442 (FWD), Release Number MFGA 96732, and P/N B12003-10-01, S/N
I070S. (AFT), Release Number MFGA 96733, were being processed per Material
Acceptance Traveler (MAT) operation 0030 to bond rubber insulator to metal closure per
SE 2073 as part of the Delta Qualification Program. Peel 180° panel was processed in
the same environment as the two closures. Paragraph 3.3.1.2 requires surface
preparation, priming, adhesive applications, mating of parts and the temporary storage
activities to be completed in a "designated" bonding room, The BSM designated
bonding room was not utilized as required for the two referenced Closure assembly
bonding activities prior to vacuum hold and autoclave cure.

The requirement to perform specific tasks within the designated bond room and
verification of "Silicone-Free" masking tape was overlooked by the CSD engineer and
operators (Quality inspection is not required by the approved planning to witness the

operation in question) present at the time the operation was proceeding. The inspector

Delta qualification units. The operation occurred on a Sunday while very little other
activity was underway within the station.

CORRECTIVE ACTION:

discrepancies described above and allow for Material Review Board (MRB) disposition.
The following actions are being taken to correct the errors and prevent re-occurrence.

1) Process Instruction (Pl) 07.2.048.0 has been revised per Planning Change Sheet

672
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(Continued)

2) Data Acceptance Record (DAR) items have been added per PCS No. 040487 to
require stamped verification that the designated bond room and masking tape(s)
have been used to process the hardware.

3) Identification tags with CSD Part Number, Lot Number, and Quality Inspection

Stamp will be required on the appropriate rolls of masking tape.

4)  Manufacturer's Certificate of Conformance have been added to the Receiving
Inspection Packages (RIP) to document the masking tape used for the two Delta
qualification units and future production units is “Silicone-Free".

5) A storage area within the BSM adhesive bonding room to store the selected
masking tapes has been established.

6) Part master descriptions for CSD part numbers have been updated to require a
certification of "Silicone-Free" material for any future orders.

7) A training session to detail the BSM insulated closure bonding process, with
emphasis on the bond room and tape requirements, has been completed (see
attached attendance sheet). Operators will complete a formal training session
prior to performing bonding operations.

8) Review of the igniter and loaded motor assembly and paperwork shall be
conducted prior to commencing bonding operations to ensure compliance to
design requirements. The review shall be completed by CSD Quality,
Manufacturing, and Design representatives. PCS's shall be issued per CSD
Standard Procedure 50.23.12, to incorporate any required document changes.
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cloth inastalleq in the vVacuum bag. Only two layers of nylon
release Ccloth wil) be used over the forming donut, Thig method of

bagging ig similar to that useq on the demonstration Units, The
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TYPE OF MATERIAL NCR # PROJECT NO/WOR #

RUBBER LOVC 5597/5597-0%% -oced)
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4Nz w0 OMB D * | ¥
WO 3QUNS LOTT]
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RTV 102. Repair of radial offsets of the insulator relatjve to the
closure outer diameter using the RTV 102 is a qualified procedure

Item: 2, Qty: 1

Use-as-is for qualification testing. The .005 inch thinner section of
insulator exists for only one inch of the circumference of the closure
(approx. 36 inches) and is insignificant compared to the remaining
thickness of the insulator (approximately 190 inches). Only 0.040 to
0.050 inches of insulator is removed during the BSM function due 1o
erosion/ablation leaving approximately 0.140 inches of insulator. The
remaining thickness of insulator at the discrepant area will be
sufficient to protect the closure and insure that motor performance g
not affected.
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1.0 SUMMARY

This test report describes the testing accomplished Using a

2.0 TEST SET-UP

To perform the tests, a real time X-ray 1lab (Schonberg
Radiation in Santa Clara) was used. The test set-up consisted of
a BSM motor case, aft closure, nozzle throat plug, forward
closure, used TBI’s, and chamber Pressure port plug (Figure 1).
All test hardware met applicable drawing tolerances. The
tabulated results of 3 dimensiona] check of the test hardware is
shown in Appendix 1.4 Easeous nitrogen bottle was used with the
necessary Plumbing (Figure 1) to Pressurize the chamber. The X-
ray imaging €quipment is shown in Figure 2, in the test set-up
configuration. All O-rings used in these tests were inspected

and accepted per Mil-STD-413C.
3.0 TEST PROCEDURE
3.1 Chamber Leak Rates

Prior to the real time X-ray tests, twenty—seven tests (test

group A) were Performed to reveal motor chamber leak rates when
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Vent

igniter Closure B12011-02-01

Initiator, CDF 10308-0003-801
Hand Valves Plug, Transducer Port

B13348-01-01

Case
B12001-02-0
S/N K-368

USEL

vent

Reqgulator
&
Gauges €C12022-01-01

Plug, Nozzle

Pressurization
Tap

Gaseous
Nitrogen
Bottle

Aft Closure
B12006-02-01

S/N  W-469

Figure 1. BSM Test Equipment and Test Set-Up.
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varyirng combinaticns of O-rings were NOT installed in the moTor.
In each test, the motor case was dassembled per W.I. BO7.:2 @01
Wwith the selected O-rings missing as listed in the Test Plar
Matrix, Table 1. The motor chamber wWas then pressurized to 25,
50, and 90 Psig (see Table 1), and held for one minute. The motor
chamber was vented following the completion of the nine tests in
each test group. If there was a pPressure drop between runs, the
chamber pressure was boosted back to the chosen pressure. If
there was no bPressure drop between runs, the final pressure was
logged at the end of the one minute test, and the clock was

started for the next run. Initial and final pressures were

logged tc an individual test data sheet following each run.

3.2 O-Ring Seating Tests

The remaining tests (test groups B through E) conformed to
the assembly pProcedures listed in paragraph 3.1. Various O-rings
for each test Eroup were missing or cut in the motor assembly as

listed in Table 1, Test Plan Matrix.

Test group B through E followed a similar procedure to that
used for test group A. To move the Primary aft O-ring to its
forward most Position in the O-ring gland, the pressurization tap
in the motor case was pressurized to 90 psig and held for 30
seconds, then vented. The X-ray imaging equipment was then
activated with the primary O-ring in its most forward position.
The valve to the pPressurization tap was then closed prior to
motor chamber Pressurization through a tapped hole in the forward

skirt. An X-ray image of the motoer assembly with the pPrimary aft
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“-ring in 1ts forward position (view 1) was frozcen on the monitor
screen. For the three tests in group B, the motor chamber
pressure was slowly increased from 0 psig until the primary aft
O-ring began its movement which began at 15 psig. The primary
aft O-ring reached its seated position once the pressure reached
30 psig. To verify the O-ring seated at 30 psig the pressure was
increased to 90 psig with no additional movement seen. Following
each run of the twenty-seven tests in groups B through E, the

chamber was vented and the aft primary O-ring was moved back to

its forward position. This test was repeated three times to
assure conclusive results. The remaining test groups (C through
E}, used a pressure with a 1.3 margin over the 30 psig as a

seating pressure. The initial pressure of 40 psig, and final
pressures were recorded to verify if any leakage occurred due to

missing or cut O-rings.

4.0 TEST RESULTS

Test group A yielded results that showed the assembled BSM
motor only leak path at low pressure (90 psig max) is through
the forward closure and/or TBI ports (test group A-1-25,50,90).
Previous testing has shown the TBIs, when installed without O-
rings, and properly torqued, do not leak at pressures in excess
of 1890 psig GNZ2. (Reference document, CSD-TR-2700-01-86).
Therefore, all leakage was past the forward closure, case
interface. The worst case pressure drop was from 89.8 to 85.2
psig over a one minute time span. Test group A-2-25,50,90

verified there is leakage past the plug in the transducer port.
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The leakage was very small (1 Psig over one minute was the
Worst}, but it was consistent. Test group A-3-25,50,9¢, Proved
there is no leakage through the af+t end when the aft Closure :is
installed with no O-rings. Two tests showed a Pressure drop, for
that configuration, of 80.0 to 89.2 pPsig, and 50.0 to 49.7 psig,
Over a one minute time SPan. Both of these tests were the first
of a series of three and the pressure drop was due to a cool down
of the chamber after @ rapid pressurization. This conclusion can
be drawn because the next two tests in each Eroup did not
require a large volume of gas from the N2 source to boost it back
to the selecteqd Pressure (50 and 90 Psig), and did not show a
bPressure drop. Table 2 is the Test Result Matrix for test group

A.

aft primary O-ring was video taped from the real time X-ray
image. In each run there was a slight pressure drop. Again this
drop was due to a cool down of the motor chamber. Table 3, is the

Test Result Matrix for test groups B through E.

An attempt Was made to view the forward Primary O-ring seat

in test group C-2, but the installation of the forward closure

activated, video recording, and the forward Primary O-ring did

7
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TEST RUN Pc Initial Pc Final A pc
NUMBER NUMBER TIME  (PSIG) (PSIG) (PSIG)
A-1-25 1 1 min  25.0 24.4 0.6
2 1 min 25.0 24.4 0.6
3 " 25.0 24.4 0.6
A-1-50 1 " 50.0 48.0 2.0
2 " 49.5 47.7 1.8
3 " 50.0 48.0 2.0
A-1-90 1 " 89.9 85.2 4.7
2 " 90.0 86.0 4.0
3 " 90.0 85.7 3.3
A=-2-25 1 " 25.0 24.0 1.0
2 " 25.0 25.0 -
3 " 25.0 25.0 -
A-2-50 1 " 50.0 49.9 0.1
2 " 50.0 50.0 -
3 " 50.0 50.0 -
A-2-90 1 " 90.0 89.4 0.6
2 - 90.0 89.9 0.1
3 " 90.0 89.9 0.1
A-3-25 1 " 25.0 25.0 -
2 " 25.0 25.0 -
3 " 25.0 25.0 -
A-3-50 1 1 min 50.0 49.7 0.3
2 " 50.0 50.0 -
3 " 50.0 50.0 -
A-3-90 1 " 90.0 89.2 0.8
2 " 90.0 90.0 -
3 " 90.0 90.0 -
Table 2. Test Result Matrix, Test Group A.
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TEST RUN Pe INITIAL  Pc FINAL OPc  gpar TIME SEATING  O-RING
NUMBER NUMBER (PS1G) (PSIG) (PSIG) RECORDING PRESSURE VIEWED
B-1 1 N/A N/A - X 30.0 aft prim
2 N/A N/A - X 30.0 "
3 N/A N/A - X 30.0 "
c-1 1 40.5 40.0 0.5 X 40.0 "
2 40.3 40.0 0.3 X " "
3 40.0 40.0 - X " "
Cc-2 1 40.0 40,0 - X " ign prim
2 40.0 39.9 0.1 "
3 40.0 40.0 - "
c-3 1 40.0 39.5 0.5 X " aft prim
2 40.0 40.0 - X " "
3 40.0 39.5 0.5 X " "
D-1 1 40.0 40.0 - X " aft sec
2 40.0 40.0 - "
3 40.0 40.0 - "
D-2 1 40.0 39.5 0.5 X " aft prim
2 40.0 39.5 0.5 X " "
3 40.0 39.5 0.5 X " "
D-3 1 40.0 39.5 0.5 X " *
2 40.0 39.5 0.5 X " "
3 40.0 39.9 0.1 X " "
E-1 1 40.0 39.5 0.5 X " "
2 40.0 39.5 0.5 X " "
3 40.0 39.5 0.5 X " "
E-2 1 40.0 39.5 0.5 X " "
2 40.0 39.5 0.5 X " "
3 40.0 39.5 0.5 X " "

Table 3. Test Result Matrix » Test Groups B Through E.
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not move. An attempt was also made to view the aft secondary O-
ring seat when the aft primary was missing in test group D-1. but

the closure at that region was too dense to pick up any movement.

5.0 CONCLUSION

Test group A-1-25,50,90 verified the worst case leak path of
the BSM motor is through the forward closure when the forward
closure is installed with no O-rings. Test group A-2-25,50,90
verified there is slight leakage past the plug in the transducer
port when it is installed with no O-rings. Test group A-3-
25,50,90 proved there is NO leakage past the aft closure when it
is installed with no O-rings. The buttress threads and the high
assembly torque (600 ft.-1b.) of the aft closure seal the motor

cavity.

Test groups B, C, and E proved the aft primary O-rihg seats
at or before 40 psig. The aft primary O-ring seating pressure is
unaffected by other missing primary or secondary O-rings. Test
group E (cut primary, no secondary) confirmed a cut aft primary
O-ring seats at or before 40 psig, and no leakage is detectable
during a one minute test. In addition the BSM motor does not leak
when the mating primary or secondary O-ring of the pair is

missing. This applies to every pair of O-rings in the BSM motor.

10
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INSPECTION RESULTS OF BSM MOTOR CASE DwG. # B12001-02-01

SERIAL # K368
Dimension Per Dimension of
DWG. B12001-02~01 Case # K368 - Location
=ocatlon
g 11.970 / 11.966 0°= 11.966 90° = 11.967 Secondary
45°= 11.970 135°= 11.964 o-ring sealing
Average = 11,967 surface.
g 11.570 / 11.568 0°= 11.568 90°= 11.568 Primary O-ring
45°= 11.571 135°= 1].565 sealing surface

Average = 11.568

g 11.8124 / 11.8000 0°= 11.8032 90°= 11.8012 Pitch Diameter
45°= 11.8052 135°a 11.8002 of threads.

Average = 11.8002

INSPECTION RESULTS OF BSM MOTOR CLOSURE DWG # B12006-0x-01
SERIAL # W469

Dimension per Dimension of
DWG. B12006-0x-01 Closure f W469 Location
ﬂ' 11.536 / 11.530 0°= 11.531 90°= 11.532 Fud. 1ip of
45°= 11.531 135% 11.531 closure.
Average= 11,531
£ 11.536 / 11.564 0°= 11.564 90°= 11.564 Sealing surface
45°= 11.564 135°= 11.565 Jjust aft of prim
Average= 11,565 o-ring gland.
A 11.234 / 11.232 0°= 11.235 90°= 11.232 Primary O-ring
45°= 11,232 135° 1]1.233 gland I.D.
Average= 11,234
.281 / .286 0°= ,282 90°= 282 Primary O-ring
45°= 282  135°= ,282 gland width.

Average = ,282

Appendix 1. Dimensional Check of Case & Closure Test Results.
11
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Dimension per Dimension of

DWG. B12006-0x-01 Closure # W469

£ 11.627 / 11.625 0°=11.624 90°=11.626
45°=11.625 135°=11.625

Average= 11,625

.281 / .286 @ 180° 0.283 MAX
j{ 11.7917 / 11.7793 0°= 11.7872 90°=11.7882
45°= 11.7872 135°=11.7872
Average= 11,7875
jf 11.9117 / 11.9027 0°= 11.905 90°=11.906
45°= 11.906 135°= 11.906

Average= 11.906

Appendix 1. Cont.

12
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UNITED TECHNOLOGIES

INTERNAL CORRESPONDENCE CHEMICAL SYSTEMS

To: Brian Hammond

Fm: F.M. Payne

Cc: B. Atkinson, L. Murphy, M. Delaney, C. Skrocki, C. Daniels,

J. Tracy, T.V. O’Hara

Subj: Interim Test Report for Qualification of Vulcanization
Process for BSM Aft Closure Insulator Bonding

Ref: Test Plan for Qualification of Vulcanization Process for
BSM Aft Closure Insulator Bonding (Section 5.2), CSD DTP-
5597-001 dated 12 April 93, Revision NC

Dt: 6/21/93
No:  FMP-01-93E

INTRODUCTION

The purpose of this memo is to provide an interim report for
the testing completed to date in accordance with the "Test Plan
for Qualification of Vulcanization Process for BSM Aft Closure
Insulator Bonding", CSD DTP-5597-001. As of June 11, 1993 the
following activities had been accomplished:

1) Fabrication and Testing of Baseline (EA 913NA/L-3),
Adhesive Candidate and Confi_.nation Panels (Chemlok 805 &

- 855 only)

2) Fabrication of Aging Panels

3) Fabrication and Testing of Demonstration Aft Closure
Assemblies and co-processed panels

SUMMARY OF RESULTS

The results of the Baseline tests are shown in table I.
Note that the Baseline peel interfaces exhibit areas where
contact was not achieved during bonding. It is impossible to
obtain uniform pressure at all locations using a mechanical i.e.,
clamping method. The same conditions (lack of contact or
"unbonds") exist in the aft closure insulator bond using the
current method for the same reason. The was no evidence of lack
of contact in the vulcanization bonded panels. -

The Adhesive Candidate (Chemlok 805 & 855 only) test results
are shown in table II and depicted graphically in figure 1.
Confirmation Panel results are shown in table III. The Chemlok
205/220 testing was deleted. This system was carried as a back-
up for risk-reduction. The satisfactory results obtained with
the water-based, Chemlok 805/855 system made this additional
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testing unnecessary. All test results meet the success criterion
of a peel strength of greater than 25 pounds per linear inch
(PLI). 1In addition, the failure modes for the Chemlok 805 & 855
panels are almost entirely cohesive in the rubber. Out of the
115 vulcanization bond samples, which includes the co~processed
pPanel results, only four did not exhibit 100% cohesive failure.
The lowest percentage of cohesive failure of these four was 80%.
This shows that the vulcanization bond strength exceeds the
rubber strength. Based on the Adhesive Ccandidate and
Confirmation results, the process limits were selected in
accordance with the test plan. The selected limits are as
follows:

Process factor Low Limit High Limit
Cure Time 1 hour 4 hours
Relative Humidity none 85%

Dry Times (primer 20 minutes *

& adhesive)
Dry Temperature 60 deg F 85 deg F
Cure Pressure 160 psig 200 psig

*- High Limit to be determined during Demonstration Phase (panel
still in process)

Using these process limits and the Chemlok 805/855 system, the
six demonstration aft closure assemblies were fabricated in
accordance with the test plan.

The post fabrication examination results from the six
demonstration closures were also very positive. The insulation
surface formed by the rubber forming ring and vacuum bag bleeder
Cloth was still smooth enough to be easily ultrasonically
inspected. No _unbonds were found in any of the six units using
tap testing and ultrasonic inspection. On units 3, 5 & 6, there
were several areas which were not inspectable at the throat
entrance due to the surface profile of the insulator. The areas
are displayed in figures 2 and 3. These units had been reclaimed
from static test hardware and the ablated contour of the throat
entrance caused the uneven rubber surface. Units 2 & 4 also
exhibited a rubber surface profile which was not inspectable. It
occurred at BDC at the transition between the forward tip of the
throat entrance and the bowl of the closure (see figures 4 and
5). This was the result of cut-outs in the rubber forming ring
which is inserted under the vacuum bag and used to contour the
insulator during autoclave cure. Eliminating the cut-outs
eliminated the condition. Rubber forming rings with cut-outs
will no longer be used.
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There were minor edge separations noted during the edge bond
inspection but they met the existing drawing criterion of .125
inch maximum depth. The co-processed peel panel test results are
shown in Table IV. Again all test results exceeded 25 PLI. An
additional peel panel was co-processed up to the point of
adhesive application with units 3 & 4. This panel is to be used
for dry time upper limit demonstration and has not yet completed
testing due to its extended processing cycle time. Based on the
acceptable ultrasonic, tap, edge inspection and peel results, a
destructive evaluation of the closure bond was not conducted.

The dimensional inspection of the outside lip met all
drawing requirements on units 1 & 3-6 with the exception that all
units would require some trimming of the insulation outer
diameter to be flush to the outside diameter of the closure. On
unit 2, there were four locations which would require filling
with RTV 102 to meet drawing requirements. These four locations
were found to coincide with the four sprue holes in the insulator
mold. Better control of the mold fill and restriction of the
rubber flow from the sprue holes eliminated the condition on
subsequent units (units 3, 4, 5 & 6).

CONCLUSIONS
Based on the successful fabrication and testing of the

Baseline, Adhesive Candidate, Confirmation and co-processed
panels and fabrication and evaluation of demonstration aft
closure assemblies, CSD is ready to develop design and processing
documents and to fabricate the Delta Qualification aft closure

assemblies.
=4 4%{)

F. M. Payne
Design Engineer
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TABLE I

BASELINE
PEEL VALUES (PLI)
@ 75 DEGF @ 130DEGF
PANEL # 1 2 PANEL # 1 2
105 90 85 72
97 90 85 71
95 86 73 72
92 81 82 70
5 92 87 . 78 81
MEAN VALUE 96.2 86.8 MEAN VALUE 80.6 73.2
PERCENT COMHESIVE FAILURE *
@ 75 DEGF @ 130 DEGF
1 2 PANEL # 1 2
100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100
. 100 100 . 100 100
MEAN VALUE 100 100 MEAN VALUE 100 100

* - APPLIES TO CONTACT AREA, BASELINE PANELS EXHIBITED LACK OF CONTACT AT PEEL INTERFACES,
AREA OF LACK OF CONTACT IN PERCENT IS AS FOLLOWS:

@ 75 DEGF @ 130 DEG F

PANEL # 1 2 PANEL # 1 2
SAMP

: 0 5 20 10
5 0 25 20
10 10 40 40
5 20 10 10
, 2 20 0 15
MEAN VALUE 4.4 11 MEAN VALUE | 19 19
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TABLE il

CONFIRMATION TESTS
PEEL VALUES (PLI)

@ 75DEGF @ 130 DEG F
1 2 PANEL # 1 2
104 84 86 83
100 94 88 78
108 98 83 78
96 98 88 95
: 97 83 : 86 88
N VALU 101 93.4 MEAN VALU 86.2 84.4
PERCENT COHESIVE FAILURE
@75DEGF @ 130DEGF
1 2 PANEL # 1 2
100 100 100 100
100 100 100 100
100 100 100 100
100 100 100 100
5 100 100 100 100
EAN VALUE] 100 100 MEAN VALU 100 100

730



TABLE |v

CO-PROCESSED PANEL TESTS
PEEL VALUE (PLI)

UNIT # 4 5 6* |
SAMPLE ¥
88 94 125
90 100 83
90 97 94
89 96 | 93
.5 90 104 | 78
[MEAN VALU 89.4 | 98.2 | 94.6

PERCENT COHESIVE FAILURE

UNIT # 4 5] 6
SAMPI

: 100 100 100 |
100 100 100 |
100 100 100 |
100 100 100 |
| 100 100 100 |
LU 100 100 100 |

* - PANEL NOT FABRICATED PROPERLY;
PEEL STRIP WAS OF INSUFFICIENT LENGTH
RESULTING IN SOME ANOMALOUSLY HIGH
VALUES DUE TO TENSION FAILURE OF RUBBER.
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